Abstract: The profile of volatile organic compounds (VOCs) released from Glomerella cingulata using solid phase microextraction (SPME) with different fibers, Polydimethylsiloxane (PDMS), Polydimethylsiloxane/ Divinylbenzene (PDMS/DVB), Carboxen TM /Polydimethylsiloxane (CAR/PDMS) and Divinylbenzene/ Carboxen TM /Polydimethylsiloxane (DVB/CAR/PDMS), was investigated. C4-C6 aliphatic alcohols were the predominant fraction of VOCs isolated by CAR/PDMS fiber. Sesquiterpene hydrocarbons represented 20.3% of VOCs isolated by PDMS fiber. During the growth phase, Ochracin was produced in the large majority of VOCs. 3-Methylbutanol and phenylethyl alcohol were found in the log phase of it. Alcohols were found in cultures of higher age, while sesquiterpenes were found to be characteristic of initial growth stage of G. cingulata.
INTRODUCTION
Plants are known to produce the various volatile organic compounds (VOCs). The interactions between plants and plants, plants and microorganisms, plants and animals in an ecosystem are universally mediated by VOCs, so that ecosystem development in coordinated 1, 2) . Their VOCs in an ecosystem are under intense study because they are available in biocontrol resource. Plants and microorganisms perceive and respond to VOCs present in the environment and the biochemical dates indicate it 3, 4) . Plants release VOCs as signals between neighbors, whereby defense mechanisms are induced in health plants in response to volatiles produced by near infested plants. Analyses of specific plant volatiles have been performed to solve defense mechanisms [5] [6] [7] . Fungi are also known to produce a wide range of VOCs. Fungal volatiles have been studied for several reasons, such as characterization of volatiles specific fungal presence and growth, profiling VOCs in chemo metrical comparison of strains or species and detection of off-flavors caused by fungi [8] [9] [10] . Recently, for search the interactions between microorganisms and microorganisms 11) , microorganisms and plants 12) VOCs produced by fungi have been studied. In the case of interactions plant and bacteria, it was reported that a blend of air-borne chemicals released from specific bacterial strains of plant growth promoting rhizobacteria (PGPR) can trigger growth promotion and induced systemic resistance (ISR) in neighboring Arabidopsis seedlings 12) . Air-borne chemicals triggered growth promotion and ISR response in Arabidopsis were C4 components. It is important to analyze VOCs for all study related VOCs. While solvent extraction of biological materials may be effective in extracting many fractions of natural products present in organic tissue, headspace analysis provides more representative sampling of volatile components that can provide chemical signals via airborne transmission. Solid phase microextraction (SPME) is promising tool for extraction of volatile compounds and the effective tool in quantification of different compounds both from low ppt to ppm. SPME has been demonstrated a tool for extraction of fungal volatile compounds released from Aspergillus species, Penicillium species, Trichoderma species, Fusarium species and Mucor sp. and all that 13, 14) . This technique, in combination with GC-MS enables characterization and analysis of profile of volatile, characteristic for every fungal species. Demyttenaere et al. reported an analytical method to detect mycotoxin producing fungi using SPME 15) . Moreover, on the use of SPME for headspace analysis has been demonstrated a tool for detection of compounds by biotransformation 16) . We have previously utilized enantioselective eserification with the plant pathogenic fungus, Glomerella cingulata as a biocatalyst and found that the fungus has the ability to esterify secondary terpene alcohols enantioselectively 17) . The objectives of investigation were to study which VOCs produced by G. cingulata and whether application to search for relation between VOCs and fungal stages using SPME.
MATERIAL AND METHODS
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SPME fibers, 100 mm Polydimethylsiloxane (PDMS), 65 mm Polydimethylsiloxane/Divinylbenzene (PDMS/DVB), 75 mm Carboxen TM /Polydimethylsiloxane (CAR/PDMS), and 50/30 mm Divinylbenzene/Carboxen TM /Polydimethylsiloxane (DVB/CAR/PDMS) were obtained from Supelco (Bellefonte, PA, USA).
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Gromerella cingulata NBRC5257 was purchased from NITE Biological Resource Center, Chiba in Japan. The fungus was cultivated in both petri dish and slants and conserved at 4 on potato dextrose agar (PDA; potato extract 0.4%, glucose 2% and agar 1.5%, pH 5.6). The culture medium was obtained from Nissui.
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G cingulata The fungus was cultivated in 10 mL SPME vials (Supelco) for 14 days. The volatile metabolites were extracted by headspace SPME during 30 min at 28 . For the evaluation of different fibers, four fibers (PDMS, PDMS/DVB, CAR/PDMS, and DVB/CAR/PDMS) were used and the fibers were conditioned prior to analyses according to the manufacturer's recommendations. The adsorbed volatile metabolites were then analyzed using GC-MS.
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G cingulata To investigate the relation between growth and VOCs produced by G. cingulata were analyzed with time using PDMS fiber. The fungus was cultivated in 10 mL SPME vials for 3, 5, 7, 12 and 14 days. The volatile metabolites were extracted by headspace SPME during 30 min at 28 . The adsorbed volatile metabolites were then analyzed using GC-MS.
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A Hewlett-Packard 5890 gas chromatograph equipped with a split injector HP-5MS capillary column (30 m length, 0.25 mm i.d.) was combined by direct coupling to a Hewlett-Packard 5972A mass spectrometer. Working conditions were: injector 250 , transfer line to MS system 250 , oven temperature -start 40 , hold 2 min, programmed from 40 to 200 at 10 /min, from 200 to 250 at 15 /min, hold 5 min; carrier gas (He) 1.0 mL/min; injection was done in split mode (1/10); electron impact ionization 70 eV. Peak areas (of total ion current) were used for comparison of volatile compound fractions, fiber coatings and extraction methods. Compounds were identified using the US National Institute of Standards and Technology (NIST) Mass Spectral Library or by comparison of retention times and spectra with those of authentic standards and Kovats retention indices with literature data.
RESULTS
Four evaluated fibers showed different ability to extract volatile compounds. The highest amount of isolated volatiles expressed as total peak areas was observed for fibers based on CAR (DVB/CAR/PDMS 100 mln, and CAR/PDMS 435 mln area counts), the lowest for PDMS (23 mln). Total peak area for PDMS/DVB fiber was 83 mln area counts. The use of different fibers for extraction influenced not only the amounts of isolated compounds, expressed as peak areas, but also their profile ( ). Although for all examined fibers, the dominating fraction was C4-C6 aliphatic alcohols eluting from 2 to 5 min, the biggest differences were observed for remaining compounds. To facilitate the comparison between different fibers a list of volatile compounds extracted by four examined fibers is presented in . When CAR/PDMS fiber was used for extraction aliphatic alcohols formed 96.7% of volatile compounds, whereas for DVB/CAR/ PDMS fiber it was 81.9%, for PDMS/DVB 60.7%, and for PDMS only 58.5% of total volatiles. Sesquiterpene hydrocarbons represented 20.3% of VOCs when PDMS fiber was used for extraction, whereas for PDMS/DVB fiber it was 1.5%, for DVB/CAR/PDMS 1.1%, and for CAR/PDMS only 0.6% of total volatiles. Compounds of anisole type represented 11.5% of VOCs when PDMS/DVB fiber was used for extraction, whereas for DVB/CAR/PDMS fiber it was 4.8% and for CAR/PDMS 1.7%. No traces of those compounds could be detected in the extract of PDMS fiber.
Profiling the Volatile Metabolites Produced by Glomerella cingulata
To investigate the relation between growth and VOCs produced by G. cingulata were analyzed with time using PDMS fiber.
showed VOCs produced by G. cingulata in the course of 14 days of incubation on PDA medium. G. cingulata produced mainly the 3-methylbutanol and ochracin during 14 days. The qualitative difference in the temporal profiles can clearly from the presence of the terpenoids ( ). The VOCs produced by G. cingulata hardly obtained from the headspace extravts after 1 day of incubation (data not shown). The presence of terpenoids in the headspace extracts remarkably increased from five to seven days after incubation and hydrocarbons accounted for 40% of VOCs. On the other hand, other compounds increased from seven days after incubation and alcohols accounted for 40% of VOCs ( ).
DISCUSSION
Selection of fiber for extraction efficiency is an important issue, so that limits of detection are related to amount of adsorbed compound on phase covering the fiber. PDMS fiber was efficient non-polar metabolites. In the case of polar compounds polyacrylate-coated fiber was more efficient than PDMS fiber providing better detector responses. DVB/CAR/PDMS fiber was efficient short chain polar compounds. According to Jeleń , PDMS fiber with nonpolar coating enables extraction of non-polar analytes, which is reflected in the highest percentage of absorbed sesquiterpene hydrocarbons 18) . In this study, the percentage of isolated sesquiterpene hydrocarbons for PDMS fiber was over 20%, whereas for DVB/CAR/PDMS, PDMS/DVB
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J. Oleo Sci. 57, (11) 585-590 (2008) and CAR/PDMS it was about 1% of total volatile. The different profiles obtained with the examined fibers show the SPME selectivity of extraction. By using this method about 25 compounds were identified. The isolates of VOCs produced by G. cingulata were less than the isolates of VOCs produced by Penicillium sp. compared with extractions using SPME. Fungi produced several metabolites in different amounts. Penicillium sp. produced various VOCs. Cldosporium sp. was generally the least productive species. In this study, 3-methylbutanol occurred in the large majority of VOCs. 2-Methylpropnol and 3-methylbutanol, are often reported as fungal metabolites [19] [20] [21] [22] , were produced by G. cingulata. During the growth phase, ochracin was produced in the large majority of them. Harris and Mantle reported this compound as a transitory compound in shaken liquid culture of A. ohraceus on potato dextrose broth 23) . Ochracin which plays a phenomenal role was isolated from many fungi and several insects. The presence and the concentration of the VOCs strongly depended on the age of the fungal culture. Alcohols were found in cultures of higher age, while sesquiterpenes were found to be characteristic of initial growth stage of G. cingulata. 3-Methylbutanol and phenylethyl alcohol were found in the log phase of it. In the case of the conditions of low air exchange (accumulation of carbon dioxide), the production of secondary metabolites changed and resulted in the formation of aliphatic and aromatic alcohols and numerous 13) . Moreover, a low positive correlation between total volatile metabolites and carbon dioxide was found 21) . The terpenes production during fungal growth was higher on artificial substrates than on substrates base on cereals. In various studies using fungi, the fungal activities are an important factor when fungi are cultured on mediums in vitro. In this study, we caught it with SPME that the main compounds produced by fungi change from sesquiterpenes to
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aliphatic and alchohols as fungi are cultured for the long terms. Since characteristic micro organic volatile compounds are produced at different times in the growth progress, they may serve to reveal the stage of infestation at the time of indoor air sampling using SPME. It is advantage in study such as VOCs produced by microbe and biotransformation.
